
Practical Aspects and Exercise Safety Benefits of
Automated Insulin Delivery Systems in Type 1 Diabetes
Dessi P. Zaharieva,1 Dale Morrison,2 Barbora Paldus,2,3 Rayhan A. Lal,1,4,5 Bruce A. Buckingham,1,4 and
David N. O’Neal2,3
1Division of Endocrinology, Department of Pediatrics, Stanford University School of Medicine, Stanford, CA; 2Department of Medicine, The University of
Melbourne, Melbourne, Australia; 3Department of Endocrinology & Diabetes, St Vincent’s Hospital Melbourne, Melbourne, Australia; 4Stanford
Diabetes Research Center, Stanford, CA; 5Division of Endocrinology, Department of Medicine, Stanford University School of Medicine, Stanford, CA

Regular exercise is essential to overall cardiovascular health and well-being in people with type 1 diabetes, but exer-
cise can also lead to increased glycemic disturbances. Automated insulin delivery (AID) technology has been shown to
modestly improve glycemic time in range (TIR) in adults with type 1 diabetes and significantly improve TIR in youth
with type 1 diabetes. Available AID systems still require some user-initiated changes to the settings and, in some
cases, significant pre-planning for exercise. Many exercise recommendations for type 1 diabetes were developed ini-
tially for people using multiple daily insulin injections or insulin pump therapy. This article highlights recommenda-
tions and practical strategies for using AID around exercise in type 1 diabetes.

For individuals with type 1 diabetes, exercise and physical
activity can lead to disturbances in glycemia, particularly
in the absence of preparation and implementation of pre-
ventative strategies to minimize hypoglycemia risk such
as insulin dose adjustments and/or carbohydrate feeding.
Automated insulin delivery (AID) systems have been
shown to improve overall glycemia, specifically increas-
ing time in range (TIR; time spent with glucose levels
between 70 and 180mg/dL) and reducing hypoglycemia (glu-
cose <70 mg/dL) for youth and adults with type 1 diabetes
(1–4). A recent systematic review andmeta-analysis demon-
strated that AID systems also moderately improve TIR
during exercise and physical activity compared with stan-
dard of care (1).With AID technology, advanced algorithms
and automation of insulin dosing can remove some of the
guesswork around daily glycemic management. However,
exercise and regular physical activity continue to challenge
the accuracy of continuous glucose monitoring (CGM) sys-
tems and the ability for AID systems to maintain glucose
levels in the target range.This obstacle is, in part, the result
of the variable physiological responses associated with dif-
fering types, intensities, and durations of exercise, com-
bined with the individual variance in response to activity.
Conversely, each commercially available AID system has
slightly different functionality and features that, in turn, re-
quire individualized approaches to prepare for exercise. This
article summarizes the practical uses of AID technology and

its safety benefits during and after exercise for youth and
adults with type 1 diabetes.

Exercise and the Pharmacological Limitations of
Rapid- and Ultra-Rapid-Acting Insulins

During exercise in people without diabetes, insulin secre-
tion drops rapidly to facilitate glucose release from the
liver to match the rate of glucose uptake into the working
muscles. However, for individuals with type 1 diabetes who
are undertaking exercise, plasma insulin concentration can-
not be decreased rapidly at the start of exercise and might
even rise in the systemic circulation (5). Indeed, it has been
demonstrated that rapid reductions in insulin delivery pro-
vided by AID algorithms in response to declining blood glu-
cose levels with exercise do not correspond to equally rapid
changes in circulating free insulin levels (6).

This pharmacodynamic limitation of subcutaneous delivery
of rapid-acting insulins, characterized by a delayed onset
and offset of action (7,8), limits the ability of AID systems to
address the rapid changes in insulin requirements associ-
ated with exercise. Faster-acting insulin aspart (FiAsp), an ul-
tra-rapid-acting insulin recently approved for use in some
AID systems, has amore rapid onset and a shorter duration of
insulin action (9) than insulin aspart. However, this difference
is not of a sufficient magnitude to meaningfully affect residual
insulin action during exercise. A recent study demonstrated no
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clinically meaningful benefit in glucose control during or in
the 24hours after exercise with FiAsp compared with insulin
aspart used in conjunction with theMedtronicMiniMed 780G
AID system (10). A sufficiently responsive insulin with a rapid
onset and short duration of action could address this obstacle
to glucose control in people with type 1 diabetes who use AID.
However, no such formulation currently exists. In fact, com-
plete restoration of the physiological responsiveness of insulin
actionmay not be feasiblewhen insulin is administered subcu-
taneously and not directly into the portal circulation.

Importantly, the currently recommended strategies for us-
ing AID systems to minimize hypoglycemia during and af-
ter exercise relate to the need to minimize the insulin on
board (IOB; active insulin in the body) during times of
heightened insulin sensitivity induced by exercise and as-
sociated contraction-mediated glucose uptake. In situa-
tions when IOB cannot be minimized before or after exercise,
carbohydrate supplementation is often required to offset the
increased glucose usage in peripheral tissues.

AID Strategies for Exercise

Commercially available AID systems still require some
user interaction and, therefore, are sometimes referred to
as hybrid closed-loop systems and not fully automated
closed-loop systems. With AID technology, user-initiated
modifications to insulin pump settings may be necessary
for exercise. For optimal use, certain AID strategies for exer-
cise involve significant pre-planning (e.g., setting an exercise

target), while other strategies that can be implemented at
the time of exercise onset (e.g., pump suspension) may limit
this requirement for pre-planning. Planning for exercise
cannot only minimize IOB, but, when it includes setting a
higher glucose target, may also reduce the need for supple-
mental carbohydrate intake before exercise, which is impor-
tant for individuals who may be focused on weight loss, for
example. Table 1 summarizes various AID strategies for
planned and unplanned/spontaneous exercise.

Important Considerations for AID and Exercise

Setting Elevated AID Glucose Targets for Exercise

Exercise consensus guidelines and position statements com-
monly mention significant pre-planning as a strategy to re-
duce the risk of exercise-associated hypoglycemia during
exercise (11–13). Guidelines and evidence-based research
have shown that setting a higher exercise glucose target
starting 1–2 hours before exercise until the end of exercise
if the activity is $30 minutes in duration is an effective
strategy to reduce the risk of hypoglycemia during exercise
(11–13). Activities that are shorter in duration (i.e., <30 mi-
nutes) may not require setting a higher exercise target;
however, additional research is needed in this area. To ad-
dress the potential risk of delayed hypoglycemia after exer-
cise, it may be recommended to extend the exercise target
for 1–2 hours into post-exercise recovery and/or overnight,
analogous to the application of a temporary basal rate re-
duction in open-loop conditions (14,15).

TABLE 1 AID Strategies to Decrease IOB and/or Maintain Glucose Levels for Planned and Unplanned/Spontaneous
Exercise

Strategy Description

Strategies for planned exercise
Combination strategy Set exercise target before onset of exercise (optimally 1–2 hours in advance) and reduce mealtime

bolus insulin 1–3 hours before exercise.*

Set exercise target Set exercise target before onset of exercise (optimally 1–2 hours in advance).

Reduce mealtime bolus insulin Reduce mealtime bolus insulin 1–3 hours before exercise.*

Use manual mode and temp basal settings Exit automated mode and use manual mode with recommended 50–80% basal insulin reduction
set 90 minutes before exercise; may require additional carbohydrate feeding before exercise.

Check blood glucose Perform fingerstick blood glucose check† and/or check CGM trend arrows and determine a plan of
action for exercise.

Check IOB Check IOB and determine a plan of action for exercise.

Strategies for unplanned/spontaneous exercise

Carbohydrate feeding Eat carbohydrates at exercise onset or during exercise.‡
Insulin pump suspension Suspend insulin delivery at exercise onset and resume it at the end of exercise.

No change Leave usual AID settings with no changes for exercise.

*If exercise is likely to occur 1–3 hours after a meal, a reduction in the mealtime bolus may be compensated by increased insulin delivery by the
AID system, still resulting in increased IOB during exercise. †Fingerstick blood glucose checks may not be needed before exercise but may be suit-
able during rapid changes in glucose during exercise because of the potential increase in CGM lag time (29,31). ‡Additional carbohydrate feeding
may be required during unplanned/spontaneous exercise, particularly in situations with higher IOB.
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People with type 1 diabetes who more commonly experi-
ence a rise in glycemia during or after exercise because of
counterregulatory hormone responses that overcompen-
sate for glucose utilization (e.g., in the context of morning,
fasted, high-intensity, or resistance exercise) may wish to
consider avoiding the use of a higher exercise target in ad-
vance of the activity. For these specific cases, the more
prudent recommendation is to leave the glucose target on
the AID system unchanged, because setting a higher glu-
cose target may lead to significant hyperglycemia. How-
ever, this strategy is dependent on the specific AID system
being used and also currently lacks research evidence.
Therefore, this recommendation is made with caution.

Practical Tips Regarding Elevated AID Targets for Exercise

It may be helpful for diabetes care providers and diabetes edu-
cators to provide patients with additional resources and guid-
ance on strategies for setting exercise targets (16). Individuals
with type 1 diabetes who are unsure about their typical blood
glucose responses to exercise may benefit from additional in-
formation about more accurately determining exercise inten-
sity. Exercise consensus guidelines (12,13) demonstrate that
aerobic exercise (e.g., walking, jogging, and cycling)may lead to
a drop in glycemia, whereas some anaerobic exercise (e.g.,
sprinting and power-lifting) may lead to a rise in glycemia for
individuals with type 1 diabetes. However, determining the ex-
act exercise intensitymaybe difficult for some individuals.

In such cases, a useful strategy is to advise patients not to
focus on achieving a target heart rate during exercise, but
rather to focus on their perception of the intensity (i.e.,
how the activity makes them feel). For example, it may be
helpful to provide patients with a modified Borg scale
of perceived exertion (17–19) of 0–10 and explain where
aerobic and anaerobic activities typically fall on that scale
(Table 2). A modified Borg scale may include rating defini-
tions of 0 = no activity, 1 = very light activity, 2–3 = light ac-
tivity, 4–6 = moderate activity, 7–8 = vigorous activity, 9 =
very hard activity, and 10 = maximal-effort activity. Generally,
aerobic activities may fall in the 2–8 range on the modified

Borg scale, and anaerobic activities are more likely to fall
in the 7–10 range, although there is some flexibility around
the exact numbers. The practical benefit of patients more
accurately determining their exercise intensity is that they
will recognize situations in which they will need to set a
higher glucose target on their AID system (e.g., for moder-
ate-intensity or prolonged aerobic exercise in the 2–8 range
on the Borg scale), as well as situations in which setting a
higher target may not be necessary (e.g., vigorous-intensity
or high-intensity interval training in the morning or short
bouts of exercise in the 7–10 range on the Borg scale).We
encourage people with type 1 diabetes to review their CGM
data at the start, during, and after exercise to gain insights
into the aforementioned strategy.

Another important tip is to understand that, depending
on the AID system being used, the glucose level, and the
glucose rate of change, setting a higher exercise target
with AID generally alters basal insulin delivery but may
or may not stop the AID system from initiating automated
bolus delivery (Table 3). Similarities and differences for
exercise among the available AID systems are described
in more detail in Table 3. Commercial AID systems are of-
ten not transparent with regard to their algorithm design,
so we present what is known based on limited marketing
data. In contrast, open-source AID systems feature algo-
rithm transparency and are designed for flexibility in user
customizations (20). With the MiniMed 780G system, the
exercise target (called Temp Target) decreases insulin de-
livery, disables the automated bolus feature, and raises
the glucose target to 150 mg/dL. Of importance, the auto-
mated bolus correction feature will not resume until the
exercise target is ceased. With the Omnipod 5 system, the
exercise target (called Activity) decreases insulin delivery
by �50% and increases the glucose target to 150 mg/dL. In
addition, insulin delivery is constrained by the increasing
calculations of IOB.With the Control-IQ system, the exer-
cise target (called Exercise) uses a treatment range of
140–160 mg/dL. This means that Control-IQ will decrease
basal insulin when glucose is predicted to be <140 mg/dL

TABLE 2 Example of a Modified Borg Scale

Rating Description

0 No activity: sitting or lying down, no change to breathing
1 Very, very light activity: breathing relatively unchanged

2–3 Light activity: easy to breathe, can carry on a conversation

4–6 Moderate activity: breathing more heavily, can carry on conversation but requires more effort
7–8 Vigorous activity: breathing is slightly uncomfortable, carrying on conversation requires maximal effort

9 Very, very hard activity: difficultly maintaining exercise or carrying on a conversation

10 Maximal effort activity: full-out effort, no conversation possible
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30 minutes in the future and increase basal insulin when
glucose is predicted to be >160 mg/dL 30 minutes in the
future so the usual upper target is maintained. With the
CamAPS FX system, there is a function (called Ease-Off )
that is used to substantially reduce basal insulin deliv-
ery and temporarily raise the glucose target. This sys-
tem has an additional option to pre-program Ease-Off
if users know that exercise will occur at a specific time
of day.

User-Determined Insulin Dose Adjustments for Exercise
With AID

Given that commercially available AID systems use hy-
brid closed-loop technology (i.e., they are not fully auto-
mated), manual insulin dosing by users is still required.
However, to date, limited research evidence exists around
the optimal dose adjustments that should be applied be-
fore and after exercise. Current guidelines follow similar
strategies for both open-loop and AID systems. For pre-
exercise dosing, the recommendation is to limit bolus IOB
such that, ideally, exercise would be performed >3 hours
after the preceding meal bolus. When such a significant
level of pre-planning is not possible (e.g., if activity is go-
ing to occur 1–3 hours after a meal), the recommendation
is to reduce bolus insulin by 25–75% (21). However, there
is a caveat that AID systems may give extra insulin to
make up the difference if glucose levels become elevated,
so IOB at the onset of exercise may still be higher than de-
sired. Overall, more specific research is needed in this
area to optimize the timing and amount of bolus insulin
reductions with AID systems around exercise.

For post-exercise adjustments, in general, exercise leads
to increased insulin sensitivity for at least 7–11 hours after
exercise (22); therefore, also applying these bolus reduc-
tion strategies with the meal after exercise may be recom-
mended. However, the increase in insulin sensitivity is
dependent on the mode and characteristics of the exercise
performed. Specifically, increases in insulin sensitivity af-
ter exercise are proportional to the intensity of exercise
performed. Recent evidence demonstrates that vigorous
resistance exercise that occurs in the evening increases
hypoglycemia risk after the evening meal (39 vs. 14% for
resistance exercise vs. control), whereas moderate-intensity
exercise does not (10 vs. 14%) (23). Thus, a reduction in the
post-exercise meal bolus may be more strongly recommended
for vigorous resistance exercise; however, further evidence is
needed to determine optimal insulin dosing adjustments after
exercise across a spectrum of exercise modes (e.g., morning vs.
evening and moderate-intensity vs. high-intensity exercise).‹C
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Practical Tips for Insulin Dose Adjustments Around
Exercise With AID

Open-source AID systems allow initiation of temporary pro-
files and override presets that can temporarily reduce the ag-
gressiveness of the carbohydrate-to-insulin ratio, which allows
for accurate recording of carbohydrates (11). The Control-IQ,
MiniMed 780G, and Omnipod 5 systems do not allow users
to make a direct reduction to mealtime bolus insulin delivery.
Therefore, a more common strategy with these systems is
to enter fewer carbohydrates than those actually being con-
sumed to allow the system to recommend a reduced bolus in-
sulin amount.With the CamAPS FX system, after users enter
the carbohydrate amount and see the suggested bolus
amount, they are able to tap on the bolus amount and
change the dose (e.g., to half the dose). As discussed
above, there is a caveat with AID systems that resulting
hyperglycemia may trigger additional automated insulin
delivery, which could occur later after the meal. If done
before exercise, this could cause increased IOB at the
time of exercise.With the Control-IQ system, an option for
individuals with type 1 diabetes to reduce their mealtime bo-
lus insulin would be to give a dual-wave bolus and then stop
the extended bolus.

In most cases, AID systems manage post-exercise glyce-
mia well overnight (23). However, in some cases, if individ-
uals with type 1 diabetes experience recurrent nocturnal
hypoglycemia after exercise, setting an exercise target at
bedtime may be a consideration to help increase glucose
concentrations. For example, with the MiniMed 780G and
the Omnipod 5 systems, exercise targets can be set for a
user-specified duration at bedtime. With Control IQ, cur-
rently there is no similar option (i.e., the exercise target
must be manually turned off ), so this may not be a pre-
ferred strategy at bedtime. With the CamAPS FX system,
users can set the Ease-Off feature at bedtime for a dura-
tion of time (from 0 to 24 hours). Research evidence is still
needed to determine the optimal duration and timing of
exercise targets overnight.

Carbohydrate Supplementation to Prevent Hypoglycemia
During Exercise With AID

Although setting exercise targets and reducing basal insulin
(with open-loop pumps or multiple daily injections) well in
advance of exercise are effective strategies to reduce hypo-
glycemia (23–25), they require a significant level of forward
planning and not surprisingly have recently been shown to
be among the least-used strategies (26). Therefore, addi-
tional practical recommendations are needed for situations
in which individuals with type 1 diabetes cannot pre-plan in

advance of activity. Eating carbohydrates before the start of
exercise is one of the more commonly used strategies to re-
duce the risk of hypoglycemia (26).

The type and amount of carbohydrates consumed before,
during, and after exercise should be tailored to the specific ac-
tivity. Generally, in situations involving a high level of circulat-
ing insulin, �0.5–1.0 g/kg/hour carbohydrate is required
during exercise to maintain glycemia (26); however, if >2
hours have passed since the last prandial insulin dose,
�0.3–0.5 g/kg/hour is recommended (27,28). For prolonged or
extended exercise (lasting $2 hours), specific recommenda-
tions regarding how people with type 1 diabetes who use AID
should tailor their carbohydrate intake for exercise are pre-
cluded because of a lack of evidence.

AID systems work to increase TIR and thereby lower overall
mean glucose concentrations. Therefore, with an overall
lower glucose target day-to-day, there may be an increased
risk of hypoglycemia during exercise if no changes are made
to prepare for exercise (29).With a lower starting glucose level,
it is imperative that some of the previously discussed strate-
gies (e.g., increasing the exercise glucose target to decrease
IOB and/or reducing mealtime bolus insulin) are considered
before exercise. Clinical exercise guidelines typically recom-
mend a safe starting place for exercise of �126–180 mg/dL
(12,13). However, if no adjustments are made to the AID
system and the pre-exercise glucose level is below this tar-
get range for activity, additional carbohydrate feeding is
recommended.

Practical Tips for Hypoglycemia Treatment With Exercise
and AID

It is important to differentiate hypoglycemia prevention
strategies for exercise from hypoglycemia treatment strategies
for exercise with AID systems. Specifically, lower carbohy-
drate intake is often suggested for hypoglycemia treatment
in those who use AID technology. This is because the AID
algorithms anticipate hypoglycemia and cut back insulin
delivery preemptively. The exact amount of carbohydrate
(in grams) that should be recommended to treat hypogly-
cemia during exercise with AID technology is still unclear
and requires controlled research studies for optimization
of this strategy. How to best use this approach also depends
on whether insulin delivery is being constrained during ex-
ercise by the AID system.

Combination Strategies for AID and Exercise

Another option while using AID technology is to use a com-
bination of setting a higher exercise target before exercise
and reducing the mealtime bolus insulin to reduce the risk
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of exercise-associated hypoglycemia. A study by Tagougui
et al. (27) found that a combination strategy of setting a
higher exercise target and reducing mealtime bolus insulin
by 33% in adults decreased the percentage of time spent
in hypoglycemia (2.0 ± 6.2%) versus setting an exercise
target alone (7.0 ± 12.6%) or setting no exercise target and us-
ing the full mealtime bolus (13.0 ± 19.0%). However, it is im-
portant to note that, in this study, the exercise occurred 90
minutes after the meal, which may have maximized the ef-
fect of a decreased mealtime insulin bolus with less IOB. If
the exercise had occurred later (e.g., 3 hours after the meal),
there may have been more IOB at the time of exercise com-
mencement, as the reduced meal-time bolus would have re-
sulted in a greater postprandial rise in glucose, which would
have elicited an increase in insulin delivery by the AID sys-
tem coinciding with the onset of exercise. Similarly, Myette-
Côt�e et al. (30) recently found that, when exercise is initiated
60 or 120 minutes after a meal in adults with type 1 diabetes,
the combination of a 33% meal bolus reduction and higher
exercise target may be an effective and safe strategy to man-
age glycemia during 60 minutes of moderate-intensity aerobic
exercise.

Another combination strategy involves setting an exer-
cise target before exercise and consuming carbohydrates
to reduce the risk of hypoglycemia during exercise. The
exact amount of carbohydrate will vary depending on
the type, intensity, and duration of exercise.

More research is needed to optimize these combination
strategies and better understand the timing of exercise tar-
gets plus the timing and amount of carbohydrates neces-
sary to maintain glycemia in the target range around exercise.
McGaugh et al. (28) demonstrated in an open-looppump study
that a combined 50% basal rate reduction set at exercise onset
and carbohydrate intake of 0.3 g/kg/hour was more effective
than carbohydrate feeding alone during 2 hours of fastedwalk-
ing. We have demonstrated in several recent studies that a
combination of these recommended pre-exercise preparatory
strategies using AID (exercise>3 hours after themeal, exercise
target set 2 hours before exercise, and carbohydrate feeding
with 15 g if blood glucose is<126 mg/dL 10 minutes before ex-
ercise) provides excellent glycemic stabilityduring and after ex-
ercise (6,10).

Functional Issues With AID While Exercising

Functional challenges or issues that may occur with AID
technology use during exercise include, but are not limited to,
pump site failures, sensor failures/malfunctions, CGM sensors
and infusion sets falling off because of increased perspiration,
and CGM lag time leading to potentially dangerous failure to

detect dysglycemia (29,31–34). For example, individuals with
type 1 diabetes who are involved in contact sports may experi-
ence an increased risk of potential trauma to the pump site
or kinking/bending of the pump cannula. Additionally, sports
and physical activity generally increase perspiration and may
cause infusion sets, patch pumps, or sensors to lose their adhe-
sive traction to the skin and, in some instances, fall off entirely.

Additional important considerations to avoid issues with
AID use during exercise include the timing of infusion set
changes and rotation, and timing of sensor changes. Each in-
fusion set will have manufacturer recommendations on site
change frequency and site rotations. Regularly changing in-
fusion sites and following recommendations about site rota-
tion are crucial to ensuring proper insulin delivery with AID
systems. If site changes are delayed or infusion sites are not
rotated regularly on the body, there is an increased risk of
lipohypertrophy and/or scar tissue formation, which could
cause the AID system to increase insulin infusion to prevent
hyperglycemia and thereby result in excess insulin delivery,
increasing the risk of hypoglycemia (35).

Certain water sports (e.g., swimming, surfing, and white-water
rafting) and contact sports (e.g., tae kwon do, jiujitsu, judo,
mixed martial arts, and football) may require different strate-
gies for AID system use. For example, some individuals with
type 1 diabetes may prefer to disconnect their insulin pump,
when possible, during sports or exercise. The Omnipod 5 sys-
tem is unique because the pump is a tubeless pod worn on
the body, cannot be disconnected, and continues to function
during activities (e.g., contact sports and swimming). In the
water, the Bluetooth connection from the sensor to the pump
may be lost, so the system will generally function using its
Limited Mode of insulin delivery (36). In general, to reduce
the risk of hypoglycemia during activity, pump suspension
may not be as effective as setting a higher exercise target at
least 1–2 hours before the onset of exercise (24). Prolonged
(>120 minutes) pump suspension in younger children (4–9
years of age) (37) may lead to elevated blood ketone levels, al-
though this effect is rare (38), and may also increase the likeli-
hood of forgetting to resume insulin delivery after exercise.

Practical Tips to Avoid Functional Issues With AID During
Exercise

Various overlay tapes and liquid adhesives are available on-
line and in select stores and can be used to help keep infu-
sion sets, patch pumps, and sensors adhered to the skin
during exercise (33,39). If patients notice communication er-
rors or issues with their sensor or pump use during exercise,
one consideration is to choose an overlay tape that has an
opening or cutout for the sensor or patch pump. This option
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may decrease the amount of perspiration build-up under
the overlay tape, which could cause interference or affect
device accuracy and/or communication.

Another practical consideration for people with type 1 diabe-
tes who are involved in contact sports is to change and ro-
tate infusion sites frequently to ensure appropriate insulin
delivery with AID systems.

An important consideration regarding CGM lag time and
rapid changes in glucose (e.g., a rapid decrease during aerobic
exercise) is to avoid sensor calibrations during exercise. Be-
cause many CGM systems (i.e., the Dexcom G6 and G7 and
the FreeStyle Libre 2 and 3) are currently factory-calibrated
and do not require user calibrations, userswho choose to cali-
brate should do so at a time that generally has less IOB, no
food or exercise affecting glycemia, and a flat trend arrow
(e.g., first thing in the morning). An additional strategy when
individuals with type 1 diabetes are exercising and notice
downward glycemic trend arrows or experience symptomatic
responses to hypoglycemia is to perform a fingerstick blood
glucose measurement and be prepared to supplement with
carbohydrates earlier (i.e., in preparation for the potential
sensor lag time that may not always capture hypoglycemia
when blood glucose levels are changing rapidly) (40).

As previously noted, with the Omnipod 5 system, there is no
option to disconnect the pump from the body during activity.
This factor can be beneficial for individuals involved in wa-
ter-based sports who may be concerned about prolonged
pump disconnection and the risk of rebound hyperglycemia.
However, for individuals using detachable pumps with tubing
during activities (e.g., contact sports and some water-based ac-
tivities), it is important to suspend (i.e., temporarily stop) insu-
lin delivery. Not taking this step could cause problems. If, for
example, glucose levels are above the target range, no exercise
target was set before exercise, and the pump was simply dis-
connected from the body for exercise, the AID systemmay au-
tomatically deliver insulin while the pump is disconnected
from the body, causing falsely increased IOB calculations and
changing the algorithm decisions once the pump is recon-
nected after exercise.

Important Subgroups for AID and Exercise

In individuals with type 1 diabetes and impaired awareness of
hypoglycemia (IAH), the ability to detect hypoglycemia symp-
toms is diminished or, in some cases, absent (41,42), and this
reduces their ability to take remedial action to prevent hypo-
glycemia. IAH results in a sixfold increase in the risk of severe
hypoglycemia, and, given that�20% of people with type 1 di-
abetes report having IAH (41), there is a need to identify and
manage this condition in the context of exercise and AID.

Although the methods for preventing hypoglycemia during
exercisewhile usingAID are the same for thosewith or with-
out IAH (i.e., limiting insulin during/after exercise and sup-
plementing with carbohydrates), greater vigilance around
monitoring sensor and blood glucose levels is required for
those experiencing IAH during exercise.

Children <6 years of age present unique challenges. They
have rapid rates of glucose change, may not recognize or
verbalize hypoglycemia symptoms, have unpredictable ac-
tivity levels, and are sensitive to small doses of insulin. In
an unpublished AID study involving supervised exercise,
we observed a 5-year-old child have a decrease in sensor
glucose from 163 to 88 mg/dL in 5 minutes, a rate of change
of 15 mg/dL per minute, at which time the blood glucose
was 36 mg/dL, and the child was unable to stand or talk
(B.A.B., unpublished observations). In recent years, with
more research focusing on very young children with type 1
diabetes who use AID systems, a greater emphasis on the
impact of exercise on glycemia in this cohort is warranted.

Practical Tips for Subgroups Using AID Around Exercise

In a clinical context, it is important to understand if people
with type 1 diabetes are experiencing IAH. Questionnaires
(43,44) have been developed to classify a person’s degree of
awareness of hypoglycemia symptoms. Questionnaires de-
veloped by Gold et al. (43) and Clarke et al. (44) are com-
monly used, and a score $4 on either one indicates a
degree of IAH. However, it is important to acknowledge
that IAH is not an all-or-none phenomenon, but rather re-
flects a continuum along which differing degrees of im-
paired awareness can occur. For individuals in whom IAH
is detected, in addition to following the above recommen-
dations for managing hypoglycemia during exercise with
AID, it is important to provide psychoeducation aimed at
ensuring that their carbohydrate counting is accurate (to
minimize inaccurate meal bolusing) and to maximize their
ability to recognize hypoglycemia within their current lim-
itations of IAH.

Helpful actions for very young children using AID systems
are to set higher glucose targets before the exercise (which
unfortunately cannot always be predicted) and have a knowl-
edgeable adult present when a child who is prone to rapid ex-
ercise-induced glucose changes is engaging in exercise.

Summary and Future Directions for AID and Exercise

As insulin formulations, exercise and meal detection algo-
rithms, and sensor technology continue to improve, we ex-
pect to see instrumental changes in the field of AID research
and exercise for individuals with type 1 diabetes. It seems
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likely that commercial AID manufacturers will need to catch
upwith open-source algorithmswith regard to user-controlled
alterations in aggressiveness. Additional areas of research that
may significantly affect AID functionality in the future include
dual-hormone (e.g., insulin and glucagon or insulin and pram-
lintide) AID therapy and additional signal inputs (e.g., continu-
ous lactate, ketone, and/or insulin sensors, accelerometry, and
galvanic skin temperature [6]).

AID technology continues to evolve and improve overall
TIR while decreasing time below range for individuals with
type 1 diabetes; however, there are many differences among
the commercially available AID systems. This article has
highlighted practical approaches to using AID to improve
glycemic management around exercise. More research is
needed to determine optimal strategies that can help all in-
dividuals with type 1 diabetes engage in safe exercise.
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